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The Synthesis and Characterization of Poly[oxy(2-methy 1-1, 3-phenylene)

oxyisophthaloyl-b-oxy(2-methyl- , 3-phenylene)oxyterephthaloyl I

Malcolm B. Polk and Fidelis C. Onwu mere

Department of Chemistry and Polymer Research Center 2
Atlanta University, Atlanta, Georgia 30314

ABSTRACT: The syntheses and characterizations of poly [oxy(2-methyl-l,3-

phenylene)oxyisoph thaloyl-b-oxy(2-methy 1-1, 3-phenylene)oxyterephthaloyl] and the

corresponaing homopolymers are described. The synthesis involved the coupling of

dihydroxy -terminated homopolymers with terephthaloyl chloride. The resulting

block copolyester was characterized by infrared spectroscopy, proton dndc carbori-l3

nuclear magnetic resonance spectroscopy, solution viscosity, differential scanning

calorimetry, and thermogravimetric analysis.

Introduction

For several years, our research group has been

involved in the synthesis and characterization of block

copolyesters containing liquid crystal blocks.' Poly oxy(cis, trans)-1, 4 -

cyc lohe xy leneoxycarbony I-b-trans -1, 4-cyc lohexy len ecarbonyl1-b -oxy(2 -me thy1-l 1, 3-

phenylene)oxyterephthaloyli I; poly[ oxy -trans-I1, 4-cyc lohexy leneoxycarbony I- trans-

I, 4-cyclohexylenecarbonyi-b-oxy(2-methyl-1I,3-phenylene)oxytereph tha loyl] 11;

poly [oxy(cis,trans)-1I,4-cyclohexyleneoxycarbony l-b-trans-l ,4-cyclohexy lenecarbony I-L Avail and/orZ i DInt Special
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b-oxy-1,#-phenyleneoxyterephthaloyl 1Ill; and poly(oxy -trans-1, 4-cyclohexyleneoxy-

carbonyl-trans - 1,4- cyclohexylenecarbonyl - b - oxy-I,4-phenyleneoxyterephthaloyl)IV

have been synthesized and shown to form mesomorphic solutions. As expected, we

have demonstrated that the oxy-trans-1,4-cyclohexyieneoxycarbonyl-trans-I,4-

cyclohexylenecarbonyl moiety is responsible for the liquid crystalline properties of

block copolyesters I and I. Poly(oxy-trans-1,4-cyclohexyleneoxycarbonyl-trans-1,4-

cyclohexylenecarbonyl) homopolymer has been shown to form lyotropic solutions in

5
o-chlorophenol. Because of decomposition of the cycloaliphatic blocks at

temperatures below the melting points of the aromatic blocks, none of the block

copolyesters combining'cycloaliphatic and aromatic blocks displayed thermotropic -- -

properties.

Thermotropic aromatic polyesters are well known in the chemical

6-12
literature. In order to expand our studies to include the preparation of systems

which would exhibit thermotropic liquid crystal properties, we chose to Investigate

strategies for the preparation and characterization of poly [oxy(2-methyl-1,3-

phenylene)oxyisophthaloyl-b-oxy(2-methyl-t,3-phenylene)oxyterephthaloyl I . The

syntheses and characterizations of the corresponding homopolyesters are described

2,3in earlier papers

Our plan involved the preparation of the aromatic homopolyesters by the

reaction of 2-methylresorcinol and isophthaloyl chloride in one case and 2-

methylresorcinol and terephthaloyl chloride in the other case. The 2-methyl

resorcinol was added in ten percent excess in each case to the corresponding diacid

chloride to generate homopolyesters with predominating dihydroxy end-groups. The

homopolyesters with hydroxy end-groups were reacted with terephthaloyl chloride to

form the corresponding block copolyesters.

. . - . ... *.- -.7o-
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Experimental Section

Inherent viscosities were measured at 300 C with a Cannon-Fenske viscometer

at a concentration of 0.5g/l00mL in a 3:1 vol./vol. mixture of chloroform and

trifluoroacetic acid. Melting points were determined with a differential scanning

calorimeter (Du Pont 990 thermal analyzer with the Du Pont 910 differential

scanning calorimeter). Carbon-13 NMR spectra were determined on

deuteriochloroform solutions of the polyesters with a Bruker WH-250 spectrometer

with carbon-13 spectra taken at 62.860 MHz. The chemical shifts are reported

relative to tetramethylsilane. Infrared spectra were obtained on KBr disks with a

Beckman 4240 infrared spectrophotometer.

The o-dichlorobenzene solvent used in the polyesterification was purified and

dried by fractional distillation and stored over molecular sieves. Terephthaloyl

chloride, isophthaloyl chloride, and 2-methylresorcinol were commercial products.

Terephthaloyl chloride and isophthaloyl chloride were purified by recrystallization

from dry hexane. 2-Methylresorcinol was purified by recrystallization from "''"

deoxygenated water.

A. Preparation of Poly [oxy(2-methyl-l,3-phenylene)oxyisophthaloyl-b-oxy(2-

methyl- ,3-pheny lene)oxyterephthaloyl] with a 1:1 Molar Ratio of Starting Materials.

A 500-mL three-necked round bottom flask, equipped with a magnetic stirrer,

a condenser, a nitrogen inlet, a thermometer, and either a potassium or sodium

hydroxide trap was charged with 13.3 7g (0.1078 mol) of 2-methylresorcinol and 100

mL of dry o-dichlorobenzene. To this stirred solution was added 2 0.Og (0.0980 mol)

of terephthaloyl chloride in a nitrogen atmosphere. The mixture was heated for I h

at 130 0C. The temperature was increased to 165 0 C and the mixture was heated

under ref lux for 7 h.

:-v°:.-.--:.-...•.°. - . -- *- ° *'* .,° - ... o . % . . ° ° • °,
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To the same apparatus described above was charged 13.3 7g (0.1078 mol) of 2-

methylresorcinol and 100mL of dry o-dichlorobenzene. To this stirred mixture was

added 20.Og (0.098 mol) of isophthaloyl chloride in a nitrogen atmosphere. As

before, the mixture was heated for I h at 1300C and after the temperature was

raised to 165 0 C, the mixture was refluxed for 7 h.

After cooling, the two solutions were mixed in a 500 mL three-necked round

bottom flask equipped with a magnetic stirrer, condenser, nitrogen inlet,

thermometer, and either a potassium or sodium hydroxide trap. To this mixture was

added 2 7. 6g (0.136 mol) of terephthaloyl chloride. The mixture was heated for 1.5 h

at 120°C and after the temperature was raised to 165 0 C, the mixture was refluxed

for 7.5 h. After cooling, the polymer was precipitated by pouring the reaction

mixture into 450mL of acetone. The polymer was allowed to stand in acetone for

one day. After filtering and washing twice with acetone and deionized water

repetitively two or three times, and drying the polymer in a vacuum oven for 48 h at

120 0 C, 4 0.Og of the block copolyester was obtained.

B. Preparation of Polyroxy(2-methyl- Ij3-pheny lene)oxyisophthaloyl-b-oxy(2-

methyl- 1,3-phenylene)oxyterephthaloylJwith a 1:2 Molar Ratio of Starting Materials.

The procedure described in preparation A for the preparation of the poly-

foxy(2-methyl-I,3-phenylene)oxyterephthaloyl] oligomer was repeated.

A 00mL three-necked round bottom flask, equipped with a magnetic stirrer, a

condenser, a nitrogen inlet, a thermometer, and either a potassium or sodium

hydroxide trap was charged with 6 .6 2g (0.0530 mol) of 2-methylresorcinol and 50mL.

of dry o-dichlorobenzene. To this stirred solution was added 10.0g (0.0490 mol) of

isophthaloyl chloride. The mixture was heated for I h at 1300C and after the

temperature was raised to 165°C, the mixture was refluxed for 7 h.

".'-. '- - -. ". -- '+ ". - . - • ... . . -.. - . . . . . . *. %.*. .* . . . . . . . . . . . . ."-
..... . ... .. .... . ... .. .. +..... • . ... . _. - .. .. :,:. ,.. .. _. .: 'j . .. ... ... :.. .- .-.. .........-.. -..... ,.. .. -...
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After cooling, the two solutions were mixed in a 500mL three-necked round

bottom flask equipped with a magnetic stirrer, condenser, nitrogen inlet,

thermometer, and a potassium hydroxide trap. To this mixture was added 27.6g

(0.136 mol) of terephthaloyl chloride. The mixture was heated for 1.5 hr at 120°C

and after the temperature was raised to 165 0 C, the mixture was refluxed for 7.5

h. After cooling, the polymer was precipitated by pouring the reaction mixture

into 450mL of acetone. The polymer was allowed to stand in acetone overnight.

After washing as described above and drying in a vacuum oven for 48 h at 120°C,

32.Og of the block copolyester was obtained.

Modification of Block Copolyesters A and B with Terephthaloyl Chloride

Block copolyester B (11.0g) and terephthaloyl chloride (6.0g, 0.029 mole)

were added to lOOmL of o-dichlorobenzene and the mixture was refluxed for 8 h

at 170 0 C. After cooling, the polymer was precipitated by potring the reaction

mixture into 450mL of acetone. The polymer was allowed to stand in acetone for

one day. After filtering and washing twice with acetone and with deionized

water repetitively three times, the polymer was dried in a vacuum oven for 48 h

at 140°C.

Block copolyester A (2.0g) was modified with l.8g of terephthaloyl chloride.

Results and Discussion

Block copolyesters were formed by the step-reaction polycondensation of

reactive ester oligomers capped with dihydroxy end groups and terephthaloyl

chloride. The block copolyesters subsequently underwent further reaction with

terephthaloyl chloride to form higher molecular weight block copolyesters. The

synthetic scheme is shown in Scheme I. The general structure of the block

copolyesters is shown in Figure 1.

• ~ ~ ~~ ~. . . . . . . . . . . .. .. . ...... .. .. °-.o° °.* .-. ,.

_ •• . e • . . . . . . . ...° -°.*.= °



6

Properties of Poly [oxy(2-methyl-1,3-phenylene)oxyisophthaloyl-b-oxy(2-methy- 1,3-

phenylene)oxyterephthaloyl].

The inherent viscosities for block copolyester A, modified block copolyester A,

block copolyester B, and modified block copolyester B were 0.40, 0.58, 0.37, and 0.60

dL/g in a 3:1 vol./vol. mixture of chloroform and trifluoroacetic acid at 30°C.

The infrared spectra of block copolyesters A and B showed peaks at 3420 (0-H

stretch), 1730 (ester C=O stretch), 1600, 1460 and 1400 (aromatic nucleus) and 1250,

1075, and 1000 (C-O stretch) cm -

The differential scanning calorimetry thermogram of block copolyester A

showed a glass transition temperature of 176°C and a crystalline melting point of

328 0 C. Thermogravimetric analysis showed a decomposition temperature of 4500 C.

Thermal analysis of block copolyester B showed a glass transition temperature of

195 0 C, a crystalline melting point of 3250 C and a decomposition temperature of

0415 C.

Modified block copolyester B showed a crystalline melting point of 340°C and

a decompostion temperature of 430 0 C. Also there appeared an interesting low

enthalpic transition at 297°C (see Figure 2).

The proton-decoupled natural-abundance 1 3 C FT NMR spectrum of block

copolyester A is shown in Figure 3. The 13 CFT NMR spectrum of poly[oxy(2-

methyl-1,3-phenylene)oxyterephthaloyl] has been reported recently. The

resonances at 6 10.2, 123.9, 150.3, 120.2, and 127.0 are assigned to the methyl

carbon and the carbons a, ortho, meta, and para to the methyl group respectively in

the oxy(2-methyl-1,3-phenylene)oxy ring system. The resonances at 6 133.8 and

130.6 were assigned to the carbons a and $ to the carbonyl, respectively in the

terephthaloyl ring system. The resonances at 6 135.2, 130.2, 131.9, and 129.5 were

assigned to the carbon between the carbonyl groups and the carbons a, ortho, and

S . . . . . . .. . . . . . .- . . ., ." " - • % . . " .% - = .' " o . - °° . . . . o o . ' ". • ° . • .'. - ' . . " " o % " - . , . " " . • ' . '. . - -. -. . % % - % % . - . " . - . . " % ° 7
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meta to the carbonyl groups respectively in the isophthaloyl ring system based on

the corresponding assignments for di-n-butylisophthalate 13( 6 133.6, 130.7, 131.2,

and 129.5). The resonance at 6 163.8 was assigned to the carbonyl carbon.

None of the block copolyesters or modified block copolyesters depolarized

plane-polarized light on heating to temperatures as high as 400 0 C. However the

block copolyesters turned a red color on heating to ca. 300 0 C and strong, tough

fibers were successfuilly pulled from the molten polymer.

Conclusion

In summary, synthetic procedures have been developed for the preparation of

all-aromatic block copolyesters. The preparation of a block copolyester by the -,

linking together of dihydroxy-terminated oligomers with terephthaloyl chloride

yielded block copolyesters with terminal hydroxy end groups which underwent

additional step-growth polycondensation on reaction witth terephthaloyl chloride as

evidenced by the corresponding increases in inherent viscosity.
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Synthesi of Blook Copolyette,

o 0 0
PCI-C-ARP-C-CI I HO-AR-OH. H O-AROC-. A- O AR-OH

o 0 -0
Cl-C-AR-C-Cl. I' NOA-H-H0A-- A'EOA O

0 0 0 0
H(O-AR-O- Z-ARk'C)0- AR-OH. H(O.-AR-O-E-ARLC+ 40-AR-OH

0 0 0
{O-AR-O-r-All-C)O-AR-OC .~C--AR-C-AR'.-O--AR -O

n. 4,*



CH3  CH3

ECH 0
3n

m

Figure 1. Structure of poly [oxy(2-methyl-1,3-phenylene) oxyisophthaloyl-
b-oxy (2-methyl-1,3-phenylene) oxyterephthaloyll I
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